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(57) ABSTRACT 

A method of steering a vehicle along a predetermined, or 
real time path by using a steering control algorithm. The 
vehicle includes a navigation system and a navigation 
antenna. The navigation antenna is mounted on the vehicle 
at an optimum antenna position, Whereas the steering control 
algorithm assumes a nominal antenna position at a prede 
termined reference point. The method comprises the folloW 
ing steps: (A) obtaining a set of positioning data of the 
vehicle by using the navigation system and by using the 
navigation antenna mounted at the optimum antenna posi 
tion; (B) modifying the set of positioning data of the vehicle; 
(C) measuring a steering angle(s) of the front Wheels of the 
vehicle relative to a predetermined reference direction(s); 
(D) calculating a correction(s) to the measured steering 
angle(s); and performing a steering action by using the 
correction(s) to the measured steering angle(s) to move the 
vehicle along the predetermined, or real time path. 
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METHOD AND APPARATUS FOR STEERING 
MOVABLE OBJECT BY USING CONTROL 

ALGORITHM THAT TAKES INTO ACCOUNT THE 
DIFFERENCE BETWEEN THE NOMINAL AND 
OPTIMUM POSITIONS OF NAVIGATION 

ANTENNA 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention is in the ?eld of navigation 
of vehicles. More speci?cally, the present invention relates 
to a method and apparatus for steering vehicles by using a 
steering control algorithm that takes into account the differ 
ence betWeen the nominal and optimum positions of a 
navigation antenna. 

[0003] 2. Discussion of the Prior Art 

[0004] The prior art GPS systems are used to manually or 
automatically steer a vehicle (like a tractor) along a prede 
termined path. To achieve an automatic steering, the GPS 
information is fed to a steering control algorithm Which 
calculates an appropriate steering action to steer the tractor 
(or another vehicle) onto the prescribed trajectory and keep 
it on that trajectory. 

[0005] HoWever, the prior art automatic steering control 
algorithm is based, among other things, on the assumption 
that a GPS (or other navigation) antenna is mounted at a 
speci?c nominal location on the vehicle (like a tractor) at a 
predetermined reference point relative to its geometry, for 
eXample, on the top of the driver’s cabin, or over the center 
of the rear aXle. 

[0006] The performance of the prior art automatic steering 
control algorithm is dependent on the accuracy of this 
nominal navigation antenna position. Moving the navigation 
antenna to a different location on the vehicle Would result in 
the performance degradation of the automatic steering con 
trol algorithm, in the undesired Weaving, or even in insta 
bility. 

[0007] On the other hand, the variety of factors may 
prevent mounting the navigation antenna at the prescribed 
nominal location of the vehicle. For example, the prescribed 
nominal location in terms of the steering control algorithm 
for the GPS antenna (for eXample, the top of the driver’s 
cabin, or the center of the rear aXle) may be occupied by 
some other ?xtures, such as a CB antenna, a projector, etc. 

[0008] Thus, in many prior art cases, the actual navigation 
antenna location on the vehicle may be different from the 
nominal assumed navigation antenna location on the 
vehicle, Which can signi?cantly degrade the performance of 
the prior art automatic steering control algorithm. 

SUMMARY OF THE INVENTION 

[0009] To address the shortcomings of the available art, 
the present invention provides a method and apparatus for 
automatic steering of a vehicle that takes into account an 
actual mounting location of a navigation antenna by modi 
fying the input variables into the same prior art automatic 
steering algorithm. 
[0010] One aspect of the present invention is directed to a 
method of steering a vehicle along a predetermined 2-D path 
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on a 2-D plane by using a steering control algorithm, 
Wherein the vehicle includes a navigation system and a 
navigation antenna. 

[0011] In one embodiment of the present invention, the 
method of steering a vehicle along a predetermined 2-D path 
on a 2-D plane by using a steering control algorithm 
comprises the folloWing steps: (A) obtaining a set of posi 
tioning data of the vehicle by using the navigation system 
and by using the navigation antenna mounted at the opti 
mum antenna position; (B) modifying the set of positioning 
data of the vehicle; (C) measuring a steering angle of the 
front Wheels of the vehicle relative to a predetermined 
reference direction on the 2-D plane; (D) calculating a 
correction to the measured steering angle on the 2-D plane; 
and performing a steering action by using the correction 
to the measured steering angle on the 2-D plane in order to 
move the vehicle along the predetermined 2-D path on the 
2-D plane. 

[0012] In one embodiment of the present invention, the 
step (A) of obtaining the set of positioning data of the 
vehicle by using the navigation system and by using the 
navigation antenna mounted at the optimum antenna posi 
tion further includes the step (A1) of obtaining the set of 
positioning data of the vehicle by using a navigation system 
selected from the group consisting of: {GPS; GLONASS; 
combined GPS/GLONASS; GALILEO; pseudolite-based 
navigation system; and inertial navigation system (INS)}. 

[0013] In one embodiment of the present invention, the 
step (B) of modifying the set of positioning data of the 
vehicle further includes the step (B1) of specifying a dis 
tance a distance betWeen a nominal antenna position and the 
optimum antenna position; Wherein the steering control 
algorithm assumes the nominal antenna position at a prede 
termined reference point. 

[0014] In one embodiment of the present invention, the 
step (C) of measuring the steering angle of the vehicle on the 
2-D plane further includes the step (C1) of using an angular 
sensor to measure the steering angle of the front Wheels of 
the vehicle relative to the predetermined reference direction 
on the 2-D plane. In another embodiment of the present 
invention, the step (C) of measuring the steering angle of the 
vehicle on the 2-D plane further includes the step (C2) of 
using a rotary potentiometer to measure the steering angle of 
the front Wheels of the vehicle relative to the predetermined 
reference direction on the 2-D plane. 

[0015] In one embodiment of the present invention, the 
step (D) of calculating the correction to the measured 
steering angle on the 2-D plane further includes the steps: 
(D1) of feeding a set of control data into the steering control 
algorithm; Wherein the set of control data is selected from 
the group consisting of: {the set of modi?ed positioning data 
of the vehicle; the measured steering angle on the 2-D plane; 
and a set of data de?ning the predetermined 2-D path on the 
2-D plane}; and (D2) of calculating the correction to the 
measured steering angle on the 2-D plane by using the 
steering control algorithm. 

[0016] In one embodiment of the present invention, the 
step of performing the steering action by using the 
correction to the measured steering angle on the 2-D plane 
further includes the step (E1) of using a 2-D hydraulic 
system to realiZe the correction to the measured steering 
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angle on the 2-D plane. In another embodiment of the 
present invention, the step of performing the steering 
action by using the correction to the measured steering angle 
on the 2-D plane further includes the step (E2) of using a 2-D 
“?ight by Wire” system to realiZe the correction to the 
measured steering angle on the 2-D plane. 

[0017] Another aspect of the present invention is directed 
to a method of steering a vehicle along a predetermined 3-D 
path on a 3-D surface by using a steering control algorithm. 

[0018] In one embodiment of the present invention, the 
method of steering a vehicle along a predetermined 3-D path 
on a 3-D surface by using a steering control algorithm 
comprises the folloWing steps: (A) obtaining a set of 3-D 
positioning data of the vehicle by using the navigation 
system and by using the navigation antenna mounted at the 
optimum antenna position; (B) modifying the set of 3-D 
positioning data of the vehicle; (C) measuring a set of 
steering angles on the 3-D surface; (D) calculating a set of 
corrections to the set of measured steering angles on the 3-D 
surface; and performing a steering action by using the set 
of corrections to the set of measured steering angles on the 
3-D surface in order to move the vehicle along the prede 
termined 3-D path on the 3-D surface. 

[0019] In one embodiment of the present invention, the 
step (A) of obtaining the set of 3-D positioning data of the 
vehicle by using the navigation system and by using the 
navigation antenna mounted at the optimum antenna posi 
tion further includes the step (A1) of obtaining the set of 3-D 
positioning data of the vehicle by using a navigation system 
selected from the group consisting of: {GPS; GLONASS; 
combined GPS/GLONASS; GALILEO; pseudolite-based 
navigation system; and inertial navigation system (INS)}. 

[0020] In one embodiment of the present invention, the 
step (B) of modifying the set of 3-D positioning data of the 
vehicle further includes the step (B1) of specifying a dis 
tance betWeen the nominal antenna position and the opti 
mum antenna position. 

[0021] In one embodiment of the present invention, the 
step (C) of measuring the set of steering angles of the vehicle 
on the 3-D surface further includes the step (C1) of using at 
least one angular sensor to measure the set of steering angles 
on the 3-D surface. In another embodiment of the present 
invention, the step (C) of measuring the set of steering 
angles of the vehicle on the 3-D surface further includes the 
step (C2) of using at least one rotary potentiometer to 
measure the set of steering angles on the 3-D surface. 

[0022] In one embodiment of the present invention, the 
step (D) of calculating the set of corrections to the set of 
measured steering angles on the 3-D surface further includes 
the steps: (D1) of feeding a set of control data into the 
steering control algorithm; Wherein the set of control data is 
selected from the group consisting of: {the set of modi?ed 
positioning data of the vehicle; the measured steering angle 
on the 3-D surface; and a set of data de?ning the predeter 
mined 3-D path on the 3-D surface}; and (D2) of calculating 
the set of corrections to the set of measured steering angles 
on the 3-D plane by using the steering control algorithm. 

[0023] In one embodiment of the present invention, the 
step of performing the steering action by using the set of 
corrections to the set of measured steering angles on the 3-D 
surface further includes the step (E1) of using a 3-D hydrau 
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lic system to realiZe the set of corrections to the set of 
measured steering angles on the 3-D surface. In another 
embodiment of the present invention, the step of per 
forming the steering action by using the set of corrections to 
the set of measured steering angles on the 3-D surface 
further includes the step (E2) of using a 3-D “?ight by Wire” 
system to realiZe the set of corrections to the set of measured 
steering angles on the 3-D plane. 

[0024] One more aspect of the present invention is 
directed to a method of steering a vehicle along a 2-D path 
on a 2-D plane by using a steering control algorithm. 

[0025] In one embodiment of the present invention, the 
method of steering a vehicle along a 2-D path on a 2-D plane 
by using a steering control algorithm comprises the folloW 
ing steps: (A) obtaining a set of positioning data of the 
vehicle by using the navigation system and by using the 
navigation antenna mounted at the optimum antenna posi 
tion; (B) obtaining a set of positioning data that de?nes the 
2-D path on the 2-D plane; (C) modifying the set of 
positioning data of the vehicle; (D) measuring a steering 
angle of the front Wheels of the vehicle relative to a 

predetermined reference direction on the 2-D plane; calculating a correction to the measured steering angle on 

the 2-D plane; and performing a steering action by using 
the correction to the measured steering angle on the 2-D 
plane in order to move the vehicle along the 2-D path on the 
2-D plane. 

[0026] In one embodiment of the present invention, the 
step (B) of obtaining the set of positioning data that de?nes 
the 2-D path on the 2-D plane further includes the step (B1) 
of receiving the set of positioning data that de?nes the 2-D 
path on the 2-D plane by the navigation antenna. 

[0027] In one embodiment of the present invention, the 
step (B1) of receiving the set of positioning data that de?nes 
the 2-D path on the 2-D plane further includes the step 
(B1,1) of receiving a set of broadcasted positioning data that 
de?nes the 2-D path on the 2-D plane. In this embodiment 
of the present invention, the set of broadcasted positioning 
data that de?nes the 2-D path on the 2-D plane is broad 
casted by a Base Station (BS). In another embodiment of the 
present invention, the step (B1) of receiving the set of 
positioning data that de?nes the 2-D path on the 2-D plane 
further includes the step (B1,2) of receiving a set of Web 
casted positioning data that de?nes the 2-D path on the 2-D 
plane. In this embodiment of the present invention, the set of 
Web-casted positioning data that de?nes the 2-D path on the 
2-D plane is Web-casted from an Internet Web-site. 

[0028] One additional aspect of the present invention is 
directed to a method of steering a vehicle along a 3-D path 
on a 3-D surface by using a steering control algorithm. 

[0029] In one embodiment of the present invention, the 
method of steering a vehicle along a 3-D path on a 3-D 
surface by using a steering control algorithm comprises the 
folloWing steps: (A) obtaining a set of positioning data of the 
vehicle by using the navigation system and by using the 
navigation antenna mounted at the optimum antenna posi 
tion; (B) obtaining a set of positioning data that de?nes the 
3-D path on the 3-D surface; (C) modifying the set of 
positioning data of the vehicle; (D) measuring a set of 
steering angles of the front Wheels of the vehicle on the 3-D 
surface; calculating a set of corrections to the set of 
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measured steering angles on the 3-D surface; and per 
forming a steering action by using the set of corrections to 
the set of measured steering angles on the 3-D surface in 
order to move the vehicle along the 3-D path on the 3-D 
surface. 

[0030] In one embodiment of the present invention, the 
step (B) of obtaining the set of positioning data that de?nes 
the 3-D path on the 3-D surface further includes the step 
(B1) of receiving the set of positioning data that de?nes the 
3-D path on the 3-D surface by the navigation antenna. 

[0031] In one embodiment of the present invention, the 
step (B 1) of receiving the set of positioning data that de?nes 
the 3-D path on the 3-D surface further includes the step 
(B1,1) of receiving a set of broadcasted positioning data that 
de?nes the 3-D path on the 3-D surface. In this embodiment, 
the set of broadcasted positioning data that de?nes the 3-D 
path on the 3-D surface is broadcasted by a Base Station 
(BS). In another embodiment of the present invention, the 
step (B 1) of receiving the set of positioning data that de?nes 
the 3-D path on the 3-D surface further includes the step 
(B1,2) of receiving the set of Web-casted positioning data 
that de?nes the 3-D path on the 3-D surface. In this 
embodiment, the set of Web-Casted positioning data that 
de?nes the 3-D path on the 3-D surface is Web-casted from 
an Internet Web-site. 

[0032] Yet, one more aspect of the present invention is 
directed to an apparatus for steering a vehicle along a 
predetermined 2-D path on a 2-D plane. In one embodiment 
of the present invention, the apparatus for steering a vehicle 
along a predetermined 2-D path on a 2-D plane comprises: 
(A) a means for obtaining a set of positioning data of the 
vehicle; (B) a means for modifying the set of positioning 
data of the vehicle; (C) a means for measuring a steering 
angle of the front Wheels of the vehicle relative to a 
predetermined reference direction on the 2-D plane; (D) a 
means for calculating a correction to the measured steering 
angle on the 2-D plane; and a means for performing a 
steering action by using the correction to the measured 
steering angle on the 2-D plane in order to move the vehicle 
along the predetermined 2-D path on the 2-D plane. In one 
embodiment of the present invention, the (A) means for 
obtaining the set of positioning data of the vehicle further 
includes: (A1) a navigation system selected from the group 
consisting of: {GPS; GLONASS; combined GPS/GLO 
NASS; GALILEO; pseudolite-based navigation system; and 
inertial navigation system (INS)}; and a navigation 
antenna mounted on the vehicle at an optimum antenna 
position. In one embodiment of the present invention, the 
means (C) for measuring the steering angle of the front 
Wheels of the vehicle relative to the predetermined reference 
direction on the 2-D plane further includes an angular sensor 
(or a rotary potentiometer) con?gured to measure the steer 
ing angle of the front Wheels of the vehicle relative to the 
predetermined reference direction on the 2-D plane. In one 
embodiment of the present invention, the means (D) for 
calculating the correction to the measured steering angle on 
the 2-D plane further includes (D1) a steering control 
algorithm con?gured to use a set of control data to calculate 
the correction to the measured steering angle on the 2-D 
plane, Wherein the set of control data is selected from the 
group consisting of: {the set of modi?ed positioning data of 
the vehicle; the measured steering angle on the 2-D plane; 
and a set of data de?ning the predetermined 2-D path on the 
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2-D plane}. In one embodiment of the present invention, the 
means for performing the steering action by using the 
correction to the measured steering angle on the 2-D plane 
further includes: (E1) a 2-D hydraulic system con?gured to 
realiZe the correction to the measured steering angle on the 
2-D plane; or (E2) a 2-D “?ight by Wire” system con?gured 
to realiZe the correction to the measured steering angle on 
the 2-D plane. 

[0033] Yet, one additional aspect of the present invention 
is directed to an apparatus for steering a vehicle along a 
predetermined 3-D path on a 3-D surface. In one embodi 
ment of the present invention, the apparatus for steering a 
vehicle along a predetermined 3-D path on a 3-D surface 
comprises: (A) a means for obtaining a set of positioning 
data of the vehicle; (B) a means for modifying the set of 
positioning data of the vehicle; (C) a 3-D means for mea 
suring a set of steering angles of the front Wheels of the 
vehicle relative to a predetermined reference direction on the 
3-D surface; (D) a means for calculating a set of corrections 
to the set of measured steering angles on the 3-D surface; 
and a means for performing a steering action by using 
the set of corrections to the set of measured steering angles 
on the 3-D surface in order to move the vehicle along the 
predetermined 3-D path on the 3-D surface. In one embodi 
ment of the present invention, the (A) means for obtaining 
the set of positioning data of the vehicle further includes: 
(A1) a navigation system selected from the group consisting 
of: {GPS; GLONASS; combined GPS/GLONASS; GALI 
LEO; pseudolite-based navigation system; and inertial navi 
gation system (INS)}; and a navigation antenna 
mounted on the vehicle at an optimum antenna position. In 
one embodiment of the present invention, the means (B) for 
modifying the set of positioning data of the vehicle further 
includes a means for specifying a distance betWeen the 
nominal navigation antenna position and the optimum navi 
gation antenna position. In one embodiment of the present 
invention, the 3-D means (C) for measuring the set of 
steering angles of the front Wheels of the vehicle relative to 
the predetermined reference direction on the 3-D surface 
further includes an angular sensor (or a rotary potentiom 
eter) con?gured to measure the set of steering angles of the 
front Wheels of the vehicle relative to the predetermined 
reference direction on the 3-D surface. In one embodiment 

of the present invention, the means (D) for calculating the 
set of corrections to the set of measured steering angles on 
the 3-D surface further includes (D1) a steering control 
algorithm con?gured to use a set of control data to calculate 
the set of corrections to the set of measured steering angles 
on the 3-D surface; Wherein the set of control data is selected 
from the group consisting of: {the set of modi?ed position 
ing data of the vehicle; the measured steering angle on the 
3-D surface; and a set of data de?ning the predetermined 
2-D path on the 3-D surface}. In one embodiment of the 
present invention, the means for performing the steering 
action by using the set of corrections to the set of measured 
steering angles on the 3-D surface further includes: (E1) a 
3-D hydraulic system con?gured to realiZe the set of cor 
rections to the set of measured steering angles on the 3-D 
surface; or (E2) a 3-D “?ight by Wire” system con?gured to 
realiZe the set of corrections to the set of measured steering 
angles on the 3-D surface. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0034] The aforementioned advantages of the present 
invention as Well as additional advantages thereof Will be 
more clearly understood hereinafter as a result of a detailed 
description of a preferred embodiment of the invention When 
taken in conjunction With the folloWing draWings. 

[0035] FIG. 1 depicts an information How chart for the 
method of the present invention of steering a vehicle along 
a predetermined path by using a steering control algorithm. 

[0036] FIG. 2 is an example of an actual tractor geometry 
and different geometrical relationship for the purposes of the 
control algorithm of the present invention. 

[0037] FIG. 3 illustrates hoW to transform the input data 
for a control algorithm designed for a vehicle having a 
navigation antenna mounted at the optimum for such a 
vehicle location Which is different from the predetermined 
nominal antenna location. 

DETAILED DESCRIPTION OF THE 
PREFERRED AND ALTERNATIVE 

EMBODIMENTS 

[0038] Reference Will noW be made in detail to the pre 
ferred embodiments of the invention, examples of Which are 
illustrated in the accompanying draWings. While the inven 
tion Will be described in conjunction With the preferred 
embodiments, it Will be understood that they are not 
intended to limit the invention to these embodiments. On the 
contrary, the invention is intended to cover alternatives, 
modi?cations and equivalents that may be included Within 
the spirit and scope of the invention as de?ned by the 
appended claims. Furthermore, in the folloWing detailed 
description of the present invention, numerous speci?c 
details are set forth in order to provide a thorough under 
standing of the present invention. HoWever, it Will be 
obvious to one of ordinary skill in the art that the present 
invention may be practiced Without these speci?c details. In 
other instances, Well knoWn methods, procedures, compo 
nents, and circuits have not been described in detail as not 
to unnecessarily obscure aspects of the present invention. 

[0039] FIG. 1 depicts an information How chart 10 for the 
method of the present invention for steering a vehicle 28 
along a predetermined path by using a steering control 
algorithm 16. The vehicle 28 of FIG. 1 includes a navigation 
system 13. In one embodiment of the present invention, the 
vehicle 28 of FIG. 1 includes a GPS navigation system 13 
including a GPS receiver 14 and GPS antenna 14. In 
alternative embodiments of the present invention (not 
shoWn), the navigation system 13 is selected from the group 
consisting of: {GLONASS; combined GPS/GLONASS; 
GALILEO; pseudolite-based navigation system; and inertial 
navigation system (INS)}. 
[0040] The Global Positioning System (GPS) is a system 
of satellite signal transmitters that transmits information 
from Which an observer’s present location and/or the time of 
observation can be determined. Another satellite-based navi 
gation system is called the Global Orbiting Navigational 
System (GLONASS), Which can operate as an alternative or 
supplemental system. 

[0041] The GPS Was developed by the United States 
Department of Defense (DOD) under its NAVSTAR satellite 
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program. A fully operational GPS includes more than 24 
Earth orbiting satellites approximately uniformly dispersed 
around six circular orbits With four satellites each, the orbits 
being inclined at an angle of 55° relative to the equator and 
being separated from each other by multiples of 60° longi 
tude. The orbits have radii of 26,560 kilometers and are 
approximately circular. The orbits are non-geosynchronous, 
With 0.5 sidereal day (11.967 hours) orbital time intervals, so 
that the satellites move With time relative to the Earth beloW. 
Generally, four or more GPS satellites Will be visible from 
most points on the Earth’s surface, Which can be used to 
determine an observer’s position anyWhere on the Earth’s 
surface. Each satellite carries a cesium or rubidium atomic 
clock to provide timing information for the signals trans 
mitted by the satellites. An internal clock correction is 
provided for each satellite clock. 

[0042] Each GPS satellite continuously transmits tWo 
spread spectrum, L-band carrier signals: an L1 signal having 
a frequency f1=1575.42 MHZ (approximately nineteen cen 
timeter carrier Wavelength) and an L2 signal having a 
frequency f2=1227.6 MHZ (approximately tWenty-four cen 
timeter carrier Wavelength). These tWo frequencies are inte 
gral multiplies f1=1,540 f0 and f2=1,200 f0 of a base 
frequency f0=1.023 MHZ. The L1 signal from each satellite 
is binary phase shift key (BPSK) modulated by tWo pseudo 
random noise (PRN) codes in phase quadrature, designated 
as the C/A-code and P-code. The L2 signal from each 
satellite is BPSK modulated by only the P-code. The nature 
of these PRN codes and accepted methods for generating the 
C/A-code and P-code are set forth in the document ICD 
GPS-200: GPS Interface Control Document, ARINC 
Research, 1997, GPS Joint Program Office, Which is incor 
porated by reference herein. 

[0043] The GPS satellite bit stream includes navigational 
information on the ephemeris of the transmitting GPS sat 
ellite (Which includes orbital information about the trans 
mitting satellite Within next several hours of transmission) 
and an almanac for all GPS satellites (Which includes a less 
detailed orbital information about all satellites). The trans 
mitted satellite information also includes parameters pro 
viding corrections for ionospheric signal propagation delays 
(suitable for single frequency receivers) and for an offset 
time betWeen satellite clock time and true GPS time. The 
navigational information is transmitted at a rate of 50 Baud. 

[0044] A second satellite-based navigation system is the 
Global Orbiting Navigation Satellite System (GLONASS), 
placed in orbit by the former Soviet Union and noW main 
tained by the Russian Republic. GLONASS uses 24 satel 
lites, distributed approximately uniformly in three orbital 
planes of eight satellites each. Each orbital plane has a 
nominal inclination of 64.8° relative to the equator, and the 
three orbital planes are separated from each other by mul 
tiples of 120° longitude. The GLONASS satellites have 
circular orbits With a radii of about 25,510 kilometers and a 
satellite period of revolution of 8/17 of a sidereal day (11.26 
hours). A GLONASS satellite and a GPS satellite Will thus 
complete 17 and 16 revolutions, respectively, around the 
Earth every 8 days. The GLONASS system uses tWo carrier 
signals L1 and L2 With frequencies of f1=(1.602+9 k/16) 
GHZ and f2=(1.246+7 k/16) GHZ, Where k=(1,2, . . . 24) is 
the channel or satellite number. These frequencies lie in tWo 
bands at 1.597-1.617 GHZ (L1) and 1,240-1,260 GHZ (L2). 
The L1 signal is modulated by a C/A-code (chip rate=0.511 
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MHZ) and by a P-code (chip rate=5 .11 MHZ). The L2 signal 
is presently modulated only by the P-code. The GLONASS 
satellites also transmit navigational data at a rate of 50 Baud. 
Because the channel frequencies are distinguishable from 
each other, the P-code is the same, and the C/A-code is the 
same, for each satellite. The methods for receiving and 
demodulating the GLONASS signals are similar to the 
methods used for the GPS signals. Reference to a Satellite 
Positioning System or SATPS herein refers to a Global 
Positioning System, to a Global Orbiting Navigation Sys 
tem, and to any other compatible satellite-based system that 
provides information by Which an observer’s position and 
the time of observation can be determined, all of Which meet 
the requirements of the present invention. 

[0045] GALILEO Will be Europe’s oWn global navigation 
satellite system, providing a highly accurate, guaranteed 
global positioning service under civilian control. It Will be 
inter-operable With GPS and GLONASS, the tWo other 
global satellite navigation systems. A user Will be able to 
take a position With the same receiver from any of the 
satellites in any combination. By offering dual frequencies 
as standard, hoWever, GALILEO Will deliver real-time posi 
tioning accuracy doWn to the meter range, Which is unprec 
edented for a publicly available system. It Will guarantee 
availability of the service under all but the most extreme 
circumstances and Will inform users Within seconds of a 
failure of any satellite. This Will make it suitable for appli 
cations Where safety is crucial, such as running trains, 
guiding cars and landing aircraft. 

[0046] The ?rst experimental satellite, part of the so-called 
GALILEO System Test Bed (GSTB) Will be launched in the 
second semester of 2005. The objective of this experimental 
satellite is to characteriZe the critical technologies, Which are 
already under development under ESA contracts. Thereafter 
up to four operational satellites Will be launched in the time 
frame 2005-2006 to validate the basic GALILEO space and 
related ground segment. Once this In-Orbit Validation (IOV) 
phase has been completed, the remaining satellites Will be 
installed to reach the Full Operational Capability (FOC) in 
2008. 

[0047] The fully deployed GALILEO system consists of 
30 satellites (27 operational+3 active spares), positioned in 
three circular Medium Earth Orbit (MEO) planes in 23616 
km altitude above the Earth, and at an inclination of the 
orbital planes of 56 degrees With reference to the equatorial 
plane. Once this is achieved, the GALILEO navigation 
signals Will provide a good coverage even at latitudes up to 
75 degrees north, Which corresponds to the North Cape, and 
beyond. The large number of satellites together With the 
optimiZation of the constellation, and the availability of the 
three active spare satellites, Will ensure that the loss of one 
satellite has no discernible effect on the user. 

[0048] TWo GALILEO Control Centers (GCC) Will be 
implemented on European ground to provide for the control 
of the satellites and to perform the navigation mission 
management. The data provided by a global netWork of 
tWenty GALILEO Sensor Stations (GSS) Will be sent to the 
GALILEO Control Centers through a redundant communi 
cations netWork. The GCC’s Will use the data of the Sensor 
Stations to compute the integrity information and to syn 
chroniZe the time signal of all satellites and of the ground 
station clocks. The exchange of the data betWeen the Control 
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Centers and the satellites Will be performed through so 
called up-link stations. Five S-band up-link stations and 10 
C-band up-link stations Will be installed around the globe for 
this purpose. As a further feature, GALILEO Will provide a 
global Search and Rescue (SAR) function, based on the 
operational Cospas-Sarsat system. To do so, each satellite 
Will be equipped With a transponder, Which is able to transfer 
the distress signals from the user transmitters to the Rescue 
Co-ordination Center, Which Will then initiate the rescue 
operation. At the same time, the system Will provide a signal 
to the user, informing him that his situation has been 
detected and that help is under Way. This latter feature is neW 
and is considered a major upgrade compared to the existing 
system, Which does not provide a feedback to the user. 

[0049] A Satellite Positioning System (SATPS), such as 
the Global Positioning System (GPS), or the Global Orbiting 
Navigation Satellite System (GLONASS), or the combined 
GPS-GLONASS, (or the future GALILEO), uses transmis 
sion of coded radio signals, With the structure described 
above, from a plurality of Earth-orbiting satellites. An 
SATPS antenna receives SATPS signals from a plurality 
(preferably four or more) of SATPS satellites and passes 
these signals to an SATPS signal receiver/processor, Which 
(1) identi?es the SATPS satellite source for each SATPS 
signal, (2) determines the time at Which each identi?ed 
SATPS signal arrives at the antenna, and (3) determines the 

present location of the SATPS satellites. The range betWeen the location of the i-th SATPS satellite and the 

SATPS receiver is equal to the speed of light c times (Ati), 
Wherein (Ati) is the time difference betWeen the SATPS 
receiver’s clock and the time indicated by the satellite When 
it transmitted the relevant phase. HoWever, the SATPS 
receiver has an inexpensive quartZ clock Which is not 
synchroniZed With respect to the much more stable and 
precise atomic clocks carried on board the satellites. Con 
sequently, the SATPS receiver estimates a pseudo-range 
(pri) (not a true range) to each satellite. After the SATPS 
receiver determines the coordinates of the i-th SATPS sat 
ellite by demodulating the transmitted ephemeris param 
eters, the SATPS receiver can obtain the solution of the set 
of the simultaneous equations for its unknoWn coordinates 
(x0, yo, Z0) and for unknoWn time bias error (cb). The SATPS 
receiver can also determine velocity of a moving platform. 

[0050] Referring still to FIG. 1, in one embodiment of the 
present invention, the navigation system 13 comprises a 
pseudolite navigation system. Pseudolites are ground-based 
transmitters that can be con?gured to emit GPS-like signals 
for enhancing the GPS by providing increased accuracy, 
integrity, and availability. Accuracy improvement can occur 
because of better local geometry, as measured by a loWer 
vertical dilution of precision (VDOP). Availability is 
increased because a pseudolite provides an additional rang 
ing source to augment the GPS constellation. 

[0051] Referring still to FIG. 1, in one embodiment of the 
present invention, the navigation system 13 comprises an 
Inertial Navigation System (INS). Recent advances in Iner 
tial Navigation Systems (INS) technologies makes it feasible 
to build a very small, loW poWer INS system. Acceleron 
Technology, Inc., located in San Francisco, Calif., has built 
small light Weight Inertial Navigation System (INS) using 
three accelerometers to measure three components of the 
local acceleration vector, three magnetometers to measure 
three components of the local gravitational vector, plus some 
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software. An accelerometer is a sensor that measures accel 
eration, speed and the distance by mathematically determin 
ing acceleration over time. A magnetometer is a device that 
measures a local magnetic ?eld. The local gravitational 
factor can be calculated by using the measured local mag 
netic ?eld, because the local gravitational ?eld, as Well as the 
local magnetic ?eld, are both de?ned by the local Earth 
geometry, as Well explained in the book “Applied Math 
ematics in Integrated Navigation Systems”, published by 
American Institute of Aeronautics and Astronautics, Inc, 
2000, by Robert M. Rogers. The “Applied Mathematics in 
Integrated Navigation Systems” teaches hoW geometrical 
shape and gravitational models for representing the Earth are 
used to provide relationship betWeen ECEF position X-y-Z 
components and local-level latitude, longitude, and attitude 
positions. The “Applied Mathematics in Integrated Naviga 
tion Systems” also teaches hoW a vehicle’s position change 
in geographical coordinates is related to the local Earth 
relative velocity and Earth curvature. 

[0052] In one embodiment of the present invention, FIG. 
1 depicts an information How chart 10 for the method of the 
present invention of steering a vehicle 28 along a predeter 
mined 2-D path on a 2-D plane by using a steering control 
algorithm 16. In this embodiment of the present invention, 
the geometrical trajectory of the desired route (for instance, 
a trajectory Y=y (X; Z=const) that de?nes a predetermined 
2-D path) is input into the memory (not shoWn) of the 
navigation system 13 beforehand. 

[0053] In another embodiment of the present invention, 
FIG. 1 depicts an information How chart 10 for the method 
of the present invention of steering a vehicle 28 along a 2-D 
path on a 2-D plane by using a steering control algorithm 16, 
Wherein the geometrical trajectory of the desired route (for 
instance, the same trajectory Y=y (X; Z=const)) does not 
de?ne a predetermined 2-D path. Instead, the trajectory Y=y 
(X; Z=const) is input into the memory (not shoWn) of the 
navigation system 13 in real time to take into account the 
obstacles, like boulders, animals, people, trees, or other 
obstructions that may enter the path of a vehicle uneXpect 
edly. In one embodiment, the real-time 2-D trajectory can be 
broadcasted from a Base Station. In another embodiment, 
the real-time 2-D trajectory can be broadcasted from a 
continuously updated real time Web Site. 

[0054] In one embodiment, the navigation system 13 (of 
FIG. 1) provides for different modes of control. These 
modes include (1) a fully autonomous mode, Where navi 
gation of the vehicle 28 is automatically handled by the 
on-board navigation system 13; (2) a tele or remote control 
mode, Where a remote human operator may control the 
direction and motion, and so on, of the vehicle 28; and (3) 
a manual mode, Where a human operator sitting in the cab 
can take control of the vehicle and drive it manually. 

[0055] In one embodiment, the navigation system, refer 
ring still to FIG. 1, the navigation system 13 (fully described 
above) is used to obtain a set of positioning data of the 
vehicle 28 on the predetermined 2-D trajectory on a 2-D 
plane (Z=const) Y=Y(X: Z=const)), or on the real-time input 
ted 2-D trajectory on a 2-D plane (Z=const) Y=Y(X: 
Z=const)) by using the navigation antenna 12 mounted at the 
optimum antenna position. HoWever, the steering control 
algorithm 16 assumes the different, nominal antenna posi 
tion at the predetermined reference point. Therefore, the 
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positioning data of the vehicle 28 (the vehicle’s coordinates 
and the vehicle’s velocity vector) obtained by the navigation 
antenna 12 should be modi?ed to take into account the 
difference betWeen the nominal antenna position and the 
optimum antenna position. (Please, see discussion beloW). 

[0056] In one embodiment of the present invention, refer 
ring still to the information How for the automatic steering 
control algorithm depicted in FIG. 1, block 16 includes a 
typical automatic steering control algorithm itself Which 
uses as a reference point the predetermined reference point 
of the vehicle 28. (Please, see discussion beloW). 

[0057] In one embodiment of the present invention, When 
the vehicle 28 (of FIG. 1) includes a tractor, the predeter 
mined reference point of the vehicle for the purposes of the 
typical automatic steering control algorithm lies in the center 
of the rear aXle of a front steer tractor. The algorithm utiliZes 
the coordinates and the velocity vector (the speed and the 
direction-heading) of the navigation antenna 12 (for 
instance, a GPS antenna 12). This set of data 15 (the 
coordinates and the velocity vector) is typically provided by 
the navigation receiver 14 (for eXample, by a GPS receiver 
14). In this embodiment, the angle of the front Wheels of the 
vehicle relative to the rear aXle is also measured, for 
eXample by a rotary potentiometer or other suitable sensor. 
The set of measured steering angles data 22 is provided to 
the control algorithm 16. In this embodiment, the set of 
geometric data 24 related to the tractor, such as the distance 
betWeen the rear aXle and the front aXle, is also provided to 
the control algorithm 16. The distance betWeen the rear aXle 
and the front aXle should be speci?ed. This can be done 
either by measuring directly the distance betWeen the rear 
aXle and the front aXle of the vehicle, or by calculating the 
distance betWeen the rear aXle and the front aXle based on 
knoWn geometry of the vehicle. 

[0058] Based on all this information, including the set of 
position data 15, the velocity vector 15, the set of measured 
steering angles, and the set of tractor geometrical data 24 
including the distance betWeen the rear aXle and the front 
aXle, the automatic steering control algorithm 16 calculates 
a correction 17 to the steering angle, Which, by a suitable 
mechanism, such as a hydraulic system 18, is transformed to 
the set of angular steering adjustments 20 for the tractor. 

[0059] As Was stated above, the predetermined reference 
point of the vehicle for the purposes of the typical automatic 
steering control algorithm lies in the center of the rear aXle 
of a front steer tractor. If the navigation antenna 12 (for 
instance, the GPS antenna) is actually mounted over the 
center of the rear aXle, the automatic control steering algo 
rithm 16 (of FIG. 1) Will perform as designed. HoWever, if 
the navigation antenna 12 (for instance, the GPS antenna) is 
placed at the optimum position Which is different form the 
nominal predetermined antenna position, the control algo 
rithm Will interpret the received position and velocity of the 
vehicle as if the position and velocity of the vehicle are 
determined at the center of the rear aXle. Consequently, the 
control algorithm Would calculate the erroneous adjustments 
to the steering angle, thus resulting in a poor automatic 
steering performance of the control algorithm. 

[0060] The present invention is designed to make adjust 
ments to the position and velocity of the vehicle 28 deter 
mined by the navigation system 13 to accommodate for the 
actual optimum position of the navigation antenna, so that 
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the adjusted position and velocity correspond to the position 
and the velocity of the vehicle 28 at the nominal predeter 
mined antenna position, i.e., at the center of the rear axle in 
this example. Thus, the control algorithm itself is never 
modi?ed, but rather its input information is pre-adjusted. 
This provides a very practical method to adapt the automatic 
steering algorithm to various tractors and tractor con?gura 
tions. Please, see the full discussion beloW. 

[0061] FIG. 2 depicts as an example an actual tractor 
geometry 40 and different geometrical relationship for the 
purposes of the control algorithm of the present invention 
including: the actual optimum antenna position 42, the 
reference nominal antenna position 44, the left front Wheel 
46, the velocity vector Vref at the reference point 48, the 
GPS-derived velocity VGPS 50, the angle S 52 betWeen the 
rear axle center velocity Vref and the GPS antenna velocity 
VGPS, the right front Wheel 53, and the center of rotation 54. 

[0062] An automatic steering algorithm can be formulated 
for any position of the navigation antenna (for instance, the 
GPS antenna). HoWever, the prior art requires the formula 
tion and design of the algorithm for each and every place 
ment of the navigation (GPS) antenna. The present invention 
alloWs one to use a single automatic steering algorithm for 
any position of the navigation antenna Without any change, 
provided that the obtained coordinates and velocity of the 
vehicle are transformed based on the steering angle and the 
relative position of the antenna With respect to the reference 
point. 
[0063] More speci?cally, in one embodiment of the prior 
art, the basic steering algorithm is as folloWs: 

®=G(R We; Xe); 

[0064] Where 

(Eq. 1) 

[0065] G is the steering control algorithm parameter 
iZed by P; 

[0066] P are the parameters of the vehicle, such as its 
length, height, Width, current speed, etc; 

[0067] 1P6 is the error in the heading, i.e., the difference 
betWeen a desired direction and the current direction of 
the motion of the vehicle; 

[0068] X6 is the error in the position, i.e., the difference 
betWeen a desired position and the current position of 
the vehicle; 

[0069] G) is a calculated desired steering angle, Which, 
When enforced to the steering mechanism of the 
vehicle, moves the vehicle onto a desired path such that 
1PS and 

[0070] X6 become Zero over time 

[0071] When these error terms are Zero and stay Zero, the 
vehicle is on-track. 

[0072] Some prior art basic steering algorithms are scal 
able. One explicit example of a scalable steering control 
algorithm G of Eq. (1) is given beloW. This scalable steering 
control algorithm G assumes a front-steer type, and assumes 
that the GPS antenna is mounted over the center of the rear 
axle: 
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[0073] Where 

[0074] 1P6 is the heading error With reference to a 
desired trajectory and With the reference to the GPS 
antenna location on the tractor; 

[0075] X6 is the position error With reference to a desired 
trajectory and With the reference to the GPS antenna 
location on the tractor. 

[0076] The scalable control algorithm given in Eq. (2) 
includes the method of calculating the desired steering angle 
@desired that is parameteriZed by the length of the vehicle 
(tractor) L and by the speed of the vehicle (tractor) V. Hence, 
this algorithm is applicable to a Wide range of vehicles 
(tractors) With different lengths and at different driving 
speeds provided the navigation (GPS) antenna is mounted 
over the center of the rear axle. 

[0077] The scalability of the control algorithm is signi? 
cant because, otherWise, one Would need to develop a 
steering control algorithm for every type of vehicle. HoW 
ever, the same scalable control algorithm is applicable to all 
vehicles of the same class. For instance, as all front steer 
vehicles can use the same steering control algorithm by 
simply using the particular measurable vehicle parameter, 
like its length L. The scalable control algorithm is valid at 
any constant vehicle’s speed V. 

[0078] The prior art steering control algorithm takes as its 
input data the positional data and the velocity vector of the 
vehicle obtained by its navigation system having a naviga 
tion antenna mounted at the nominal predetermined location 
44 (of FIG. 1). HoWever, there are situations When a 
navigation antenna (for example, a GPS antenna) cannot be 
mounted at the nominal predetermined location 44 (of FIG. 
2), as illustrated in diagram 60 of FIG. 3. If this is the case, 
the position and speed (velocity) information obtained by its 
navigation system having a navigation antenna mounted at 
the optimum location 62 can be translated into the speed 
(velocity) and position of the vehicle at the referenced 
(expected) nominal location 64 of the navigation (GPS) 
antenna. In the example given 60 in FIG. 3, the nominal 
antenna mounting location 62 is at the center of the rear axle. 

EXAMPLE 

[0079] Translation of the position and speed (velocity) 
information obtained by the navigation system having the 
navigation antenna mounted at the optimum location 62 into 
the speed (velocity) and position at the referenced 
(expected) nominal location 64 of the navigation (GPS) 
antenna, as illustrated in FIG. 3: 

[0080] IF: 

[0081] \Pegm the heading error at the GPS antenna 
mounting location 62; 

[0082] Vgps 66, the velocity obtained by the GPS 
antenna at the GPS antenna mounting location 62; 

[0083] xe_gps 68, the position error at the location of the 
GPS antenna With regard to the desired trajectory 70; 

[0084] @72, the measured steering angle; 

[0085] LGPS 74, the measured distance betWeen the 
reference point 64 and the location of the GPS antenna 
62; 
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[0086] The following variables: 

[0087] \PHef 76, the heading error at the reference point 
a 

[0088] Vref 78, the velocity at the reference point 64; 
and 

[0089] xHef 80, the position error at the reference point 
64 With respect to the desired trajectory 70; 

[0090] are calculated as folloWs by the using the control 
algorithm in the scalable form given by (Eq. 2): 

‘Pe.Iei=®e.gpS—®; (Eq- 3) 
VIEFVgPS/COS(@); (Eq- 4) 

)ce,Iet=xe,F,:PS—LGPS tan(®). (Eq. 4). 
[0091] In the example above, the vehicle Was positioned in 
a 2-D plane and the reference trajectory Was shoWn to be a 
straight line, for the sake of simplicity in explaining the 
concept. This process can be generaliZed to spatial 2-D 
positioning and arbitrary shaped 2-D reference trajectories. 

[0092] In one embodiment of the present invention, the 
steering angle 6) of the vehicle on the 2-D plane can be 
measured by using an angular sensor. FUTEK Advanced 
Sensor Technology, located at 10 Thomas, Irvine, Calif. 
92618 USA, manufactures angular sensors for robotic con 
trol that can be used for the purposes of the present inven 
tion. In another embodiment of the present invention, the 
steering angle 6) of the vehicle on the 2-D plane can be 
measured by using a rotary potentiometer. Servo Instrument 
Corporation Manufacturer located at 240 Lynn Street, PO. 
Box 43, Baraboo, Wis. 53913, manufactures a complete line 
of precision conductive plastic and WireWound potentiom 
eters that can be used for the purposes of the present 
invention. 

[0093] In one embodiment of the present invention, the 
actual steering action on the 2-D plane can be performed by 
using a 2-D hydraulic system. Hydraulic Systems Limited, 
headquartered in Dartmouth, Nova Scotia, manufactures a 
Wide array of hydraulic poWer systems that can be used to 
realiZe the correction to the measured steering angle on the 
2-D plane. 

[0094] In another embodiment of the present invention, 
the actual steering action on the 2-D plane can be performed 
by using a 2-D “?ight by Wire” system. General Motors is 
Working to perfect an electronic poWer steering system, or a 
“?ight by Wire” system, for its neW cars. This electronic 
poWer steering system can be used for the purposes of the 
present invention in order to realiZe the correction to the 
measured steering angle on the 2-D plane. 

[0095] Another aspect of the present invention is directed 
to a method of steering a vehicle along a predetermined, (or 
along a real time inputted, or broadcasted) 3-D path on a 3-D 
surface by using a steering control algorithm. Indeed, the 
above given discussion can be generaliZed to a more general 
situation When a vehicle is moving along a predetermined 
3-D path on a 3-D surface. If this is the case, a single steering 
angle should be replaced by a set of measured steering 
angles {roll, yaW, and pitch} on the 3-D surface; and a 
steering action should be performed by using the set of 
corrections to the set of measured steering angles {roll, yaW, 
and pitch} on the 3-D surface in order to move the vehicle 
along the predetermined 3-D path on the 3-D surface. 
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[0096] In order to calculate the set of corrections to the set 
of measured steering angles on the 3-D plane, one should 
use the generaliZed steering control algorithm in its scalable 
form: 

[0097] 
[0098] 1P6 is the heading error in ‘x’ direction With 

reference to a desired trajectory and With the reference 
to the GPS antenna location on the tractor; 

Where: 

[0099] X6 is the position error in ‘x’ direction With 
reference to a desired trajectory and With the reference 
to the GPS antenna location on the tractor; 

[0100] (I)e is the heading error in ‘y’ direction With 
reference to a desired trajectory and With the reference 
to the GPS antenna location on the tractor; 

[0101] ye is the position error in ‘y’ direction With 
reference to a desired trajectory and With the reference 
to the GPS antenna location on the tractor. 

[0102] The foregoing description of speci?c embodiments 
of the present invention have been presented for purposes of 
illustration and description. They are not intended to be 
exhaustive or to limit the invention to the precise forms 
disclosed, and obviously many modi?cations and variations 
are possible in light of the above teaching. The embodiments 
Were chosen and described in order to best explain the 
principles of the invention and its practical application, to 
thereby enable others skilled in the art to best utiliZe the 
invention and various embodiments With various modi?ca 
tions as are suited to the particular use contemplated. It is 
intended that the scope of the invention be de?ned by the 
claims appended hereto and their equivalents. 

What is claimed is: 
1. A method of steering a vehicle along a predetermined 

2-D path on a 2-D plane by using a steering control 
algorithm, said vehicle including a navigation system and 
including a navigation antenna, said navigation antenna 
being mounted on said vehicle at an optimum antenna 
position, said steering control algorithm assuming a nominal 
antenna position at a predetermined reference point; said 
method comprising the steps of: 

(A) obtaining a set of positioning data of said vehicle by 
using said navigation system and by using said navi 
gation antenna mounted at said optimum antenna posi 
tion; 

(B) modifying said set of positioning data of said vehicle; 

(C) measuring a steering angle of the front Wheels of said 
vehicle relative to a predetermined reference direction 
on said 2-D plane; 

(D) calculating a correction to said measured steering 
angle on said 2-D plane; and 

(E) performing a steering action by using said correction 
to said measured steering angle on said 2-D plane in 
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order to move said vehicle along said predetermined 
2-D path on said 2-D plane. 

2. The method of claim 1, Wherein said step (A) of 
obtaining said set of positioning data of said vehicle by using 
said navigation system and by using said navigation antenna 
mounted at said optimum antenna position further includes 
the step of: 

(A1) obtaining said set of positioning data of said vehicle 
by using a navigation system selected from the group 
consisting of: {GPS; GLONASS; combined GPS/ 
GLONASS; GALILEO; pseudolite-based navigation 
system; and inertial navigation system (INS)}. 

3. The method of claim 1, Wherein said step (B) of 
modifying said set of positioning data of said vehicle further 
includes the step of: 

(B1) specifying a distance betWeen said nominal antenna 
position and said optimum antenna position. 

4. The method of claim 1, Wherein said step (C) of 
measuring said steering angle of said vehicle on said 2-D 
plane further includes the step of: 

(C1) using an angular sensor to measure said steering 
angle of the front Wheels of said vehicle relative to said 
predetermined reference direction on said 2-D plane. 

5. The method of claim 1, Wherein said step (C) of 
measuring said steering angle of said vehicle on said 2-D 
plane further includes the step of: 

(C2) using a rotary potentiometer to measure said steering 
angle of the front Wheels of said vehicle relative to said 
predetermined reference direction on said 2-D plane. 

6. The method of claim 1, Wherein said step (D) of 
calculating said correction to said measured steering angle 
on said 2-D plane further includes the steps of: 

(D1) feeding a set of control data into said steering control 
algorithm; Wherein said set of control data is selected 
from the group consisting of: {said set of modi?ed 
positioning data of said vehicle; said measured steering 
angle on said 2-D plane; and a set of data de?ning said 
predetermined 2-D path on said 2-D plane}; and 

(D2) calculating said correction to said measured steering 
angle on said 2-D plane by using said steering control 
algorithm. 

7. The method of claim 1, Wherein said step of 
performing said steering action by using said correction to 
said measured steering angle on said 2-D plane further 
includes the step of: 

(E1) using a 2-D hydraulic system to realiZe said correc 
tion to said measured steering angle on said 2-D plane. 

8. The method of claim 1, Wherein said step of 
performing said steering action by using said correction to 
said measured steering angle on said 2-D plane further 
includes the step of: 

(E2) using a 2-D “?ight by Wire” system to realiZe said 
correction to said measured steering angle on said 2-D 
plane. 

9. A method of steering a vehicle along a predetermined 
3-D path on a 3-D surface by using a steering control 
algorithm, said vehicle including a navigation system and 
including a navigation antenna, said navigation antenna 
being mounted on said vehicle at an optimum antenna 
position, said steering control algorithm assuming a nominal 
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antenna position at a predetermined reference point; said 
method comprising the steps of: 

(A) obtaining a set of positioning data of said vehicle by 
using said navigation system and by using said navi 
gation antenna mounted at said optimum antenna posi 
tion; 

(B) modifying said set of positioning data of said vehicle; 
(C) measuring a set of steering angles on said 3-D 
surface; 

(D) calculating a set of corrections to said set of measured 
steering angles on said 3-D surface; and 

(E) performing a steering action by using said set of 
corrections to said set of measured steering angles on 
said 3-D surface in order to move said vehicle along 
said predetermined 3-D path on said 3-D surface. 

10. The method of claim 9, Wherein said step (A) of 
obtaining said set of positioning data of said vehicle by using 
said navigation system and by using said navigation antenna 
mounted at said optimum antenna position further includes 
the step of: 

(A1) obtaining said set of positioning data of said vehicle 
by using a navigation system selected from the group 
consisting of: {GPS; GLONASS; combined GPS/ 
GLONASS; GALILEO; pseudolite-based navigation 
system; and inertial navigation system (INS)}. 

11. The method of claim 9, Wherein said step (B) of 
modifying said set of positioning data of said vehicle further 
includes the step of: 

(B1) specifying a distance betWeen said nominal antenna 
position and said optimum antenna position. 

12. The method of claim 9, Wherein said step (C) of 
measuring said set of steering angles of said vehicle on said 
3-D surface further includes the step of: 

(C1) using at least one angular sensor to measure said set 
of steering angles on said 3-D surface. 

13. The method of claim 9, Wherein said step (C) of 
measuring said set of steering angles of said vehicle on said 
3-D surface further includes the step of: 

(C2) using at least one rotary potentiometer to measure 
said set of steering angles on said 3-D surface. 

14. The method of claim 9, Wherein said step (D) of 
calculating said set of corrections to said set of measured 
steering angles on said 3-D surface further includes the steps 
of: 

(D1) feeding a set of control data into said steering control 
algorithm Wherein said set of control data is selected 
from the group consisting of: {said set of modi?ed 
positioning data of said vehicle; said measured steering 
angle on said 3-D surface; and a set of data de?ning 
said predetermined 3-D path on said 3-D surface}; and 

(D2) calculating said set of corrections to said set of 
measured steering angles on said 3-D plane by using 
said steering control algorithm. 

15. The method of claim 9, Wherein said step of 
performing said steering action by using said set of correc 
tions to said set of measured steering angles on said 3-D 
surface further includes the step of: 
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(E1) using a 3-D hydraulic system to realize said set of 
corrections to said set of measured steering angles on 
said 3-D surface. 

16. The method of claim 9, Wherein said step of 
performing said steering action by using said set of correc 
tions to said set of measured steering angles on said 3-D 
plane further includes the step of: 

(E2) using a 3-D “?ight by Wire” system to realiZe said set 
of corrections to said set of measured steering angles on 
said 3-D plane. 

17. A method of steering a vehicle along a 2-D path on a 
2-D plane by using a steering control algorithm, said vehicle 
including a navigation system and including a navigation 
antenna, said navigation antenna being mounted on said 
vehicle at an optimum antenna position, said steering control 
algorithm assuming a nominal antenna position at a prede 
termined reference point; said method comprising the steps 
of: 

o ainin a se 0 osi ionin a a o sai ve ic e Abt g tfpt gdtfdhlby 
using said navigation system and by using said navi 
gation antenna mounted at said optimum antenna posi 
tion; 

(B) obtaining a set of positioning data that de?nes said 
2-D path on said 2-D plane; 

(C) modifying said set of positioning data of said vehicle; 
(D) measuring a steering angle of the front Wheels of 
said vehicle relative to a predetermined reference direc 
tion on said 2-D plane; 

(E) calculating a correction to said measured steering 
angle on said 2-D plane; and 

(F) performing a steering action by using said correction 
to said measured steering angle on said 2-D plane in 
order to move said vehicle along said 2-D path on said 
2-D plane. 

18. The method of claim 17, Wherein said step (A) of 
obtaining said set of positioning data of said vehicle by using 
said navigation system and by using said navigation antenna 
mounted at said optimum antenna position further includes 
the step of: 

(A1) obtaining said set of positioning data of said vehicle 
by using a navigation system selected from the group 
consisting of: {GPS; GLONASS; combined GPS/ 
GLONASS; GALILEO; pseudolite-based navigation 
system; and inertial navigation system (INS)}. 

19. The method of claim 17, Wherein said step (B) of 
obtaining said set of positioning data that de?nes said 2-D 
path on said 2-D plane further includes the step of: 

(B1) receiving said set of positioning data that de?nes 
said 2-D path on said 2-D plane by said navigation 
antenna. 

20. The method of claim 17, Wherein said step (B1) of 
receiving said set of positioning data that de?nes said 2-D 
path on said 2-D plane further includes the step of: 

(B1,1) receiving a set of broadcasted positioning data that 
de?nes said 2-D path on said 2-D plane; Wherein said 
set of broadcasted positioning data that de?nes said 2-D 
path on said 2-D plane is broadcasted by a Base Station 

(BS). 
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21. The method of claim 17, Wherein said step (B1) of 
receiving said set of positioning data that de?nes said 2-D 
path on said 2-D plane further includes the step of: 

(B1,2) receiving a set of Web-casted positioning data that 
de?nes said 2-D path on said 2-D plane; Wherein said 
set of Web-casted positioning data that de?nes said 2-D 
path on said 2-D plane is Web-casted from an Internet 
Web-site. 

22. The method of claim 17, Wherein said step (C) of 
modifying said set of positioning data of said vehicle further 
includes the step of: 

(C1) specifying a distance betWeen said nominal antenna 
position and said optimum antenna position. 

23. The method of claim 17, Wherein said step (D) of 
measuring said steering angle of said vehicle on said 2-D 
plane further includes the step of: 

(D1) using an angular sensor to measure said steering 
angle of the front Wheels of said vehicle relative to said 
predetermined reference direction on said 2-D plane. 

24. The method of claim 17, Wherein said step of 
calculating said correction to said measured steering angle 
on said 2-D plane further includes the steps of: 

E1 feedin said set of modi?ed ositionin data of said g P g 
vehicle and said measured steering angle on said 2-D 
plane into said steering control algorithm and 

(E2) using said steering control algorithm that utiliZes a 
set of control data to calculate said correction to said 
measured steering angle on said 2-D plane; Wherein 
said set of control data is selected from the group 
consisting of: {said set of modi?ed positioning data of 
said vehicle; said measured steering angle on said 2-D 
plane; and said set of positioning data that de?nes said 
2-D path on said 2-D plane}. 

25. The method of claim 17, Wherein said step of 
performing said steering action further includes the step of: 

(F1) using a hydraulic system to realiZe said correction to 
said measured steering angle on said 2-D plane. 

26. The method of claim 17, Wherein said step of 
performing said steering action further includes the step of: 

(F1) using a “?ight by Wire” system to realiZe said 
correction to said measured steering angle on said 2-D 
plane. 

27. Amethod of steering a vehicle along a 3-D path on a 
3-D surface by using a steering control algorithm, said 
vehicle including a navigation system and including a navi 
gation antenna, said navigation antenna being mounted on 
said vehicle at an optimum antenna position, said steering 
control algorithm assuming a nominal antenna position at a 
predetermined reference point; said method comprising the 
steps of: 

(A) obtaining a set of positioning data of said vehicle by 
using said navigation system and by using said navi 
gation antenna mounted at said optimum antenna posi 
tion; 

(B) obtaining a set of positioning data that de?nes said 
3-D path on said 3-D surface; 

(C) modifying said set of positioning data of said vehicle; 
(D) measuring a set of steering angles of the front 
Wheels of said vehicle on said 3-D surface; 
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(E) calculating a set of corrections to said set of measured 
steering angles on said 3-D surface; and 

(F) performing a steering action by using said set of 
corrections to said set of measured steering angles on 
said 3-D surface in order to move said vehicle along 
said 3-D path on said 3-D surface. 

28. The method of claim 27, Wherein said step (A) of 
obtaining said set of positioning data of said vehicle by using 
said navigation system and by using said navigation antenna 
mounted at said optimum antenna position further includes 
the step of: 

(A1) obtaining said set of positioning data of said vehicle 
by using a navigation system selected from the group 
consisting of: {GPS; GLONASS; combined GPS/ 
GLONASS; GALILEO; pseudolite-based navigation 
system; and inertial navigation system (INS)}. 

29. The method of claim 27, Wherein said step (B) of 
obtaining said set of positioning data that de?nes said 3-D 
path on said 3-D surface further includes the step of: 

(B1) receiving said set of positioning data that de?nes 
said 3-D path on said 3-D surface by said navigation 
antenna. 

30. The method of claim 27, Wherein said step (B1) of 
receiving said set of positioning data that de?nes said 3-D 
path on said 3-D surface further includes the step of: 

(B1,1) receiving a set of broadcasted positioning data that 
de?nes said 3-D path on said 3-D surface; Wherein said 
set of broadcasted positioning data that de?nes said 3-D 
path on said 3-D surface is broadcasted by a Base 
Station (BS). 

31. The method of claim 27, Wherein said step (B1) of 
receiving said set of positioning data that de?nes said 3-D 
path on said 3-D surface further includes the step of: 

(B1,2) receiving said set of Web-casted positioning data 
that de?nes said 3-D path on said 3-D surface; Wherein 
said set of Web-Casted positioning data that de?nes 
said 3-D path on said 3-D surface is Web-casted from 
an Internet Web-site. 

32. The method of claim 27, Wherein said step (C) of 
modifying said set of positioning data of said vehicle further 
includes the step of: 

(C1) specifying a distance betWeen said nominal antenna 
position and said optimum antenna position. 

33. The method of claim 27, Wherein said step (D) of 
measuring said set of steering angles of said vehicle on said 
3-D surface further includes the step of: 

(D1) using an angular sensor to measure said set of 
steering angles of the front Wheels of said vehicle on 
said 3-D surface. 

34. The method of claim 27, Wherein said step of 
calculating said set if corrections to said set of measured 
steering angles on said 3-D surface further includes the steps 
of: 

(E1) feeding said set of modi?ed positioning data of said 
vehicle and said set of measured steering angles on said 
3-D surface into said steering control algorithm and 

(E2) using said steering control algorithm that utiliZes a 
set of control data to calculate said set of corrections to 
said set of measured steering angles on said 3-D 
surface; Wherein said set of control data is selected 
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from the group consisting of: {said set of modi?ed 
positioning data of said vehicle; said set of measured 
steering angles on said 3-D surface; and said set of 
positioning data that de?nes said 3-D path on said 3-D 

surface}. 
35. The method of claim 27, Wherein said step of 

performing said steering action further includes the step of: 

(F1) using a hydraulic system to realiZe said set of 
corrections to said set of measured steering angles on 
said 3-D plane. 

36. The method of claim 27, Wherein said step of 
performing said steering action further includes the step of: 

(F1) using a “?ight by Wire” system to realiZe said set of 
corrections to said set of measured steering angles on 
said 3-D surface. 

37. An apparatus for steering a vehicle along a predeter 
mined 2-D path on a 2-D plane comprising: 

(A) a means for obtaining a set of positioning data of said 
vehicle; (B) a means for modifying said set of posi 
tioning data of said vehicle; 

(C) a means for measuring a steering angle of the front 
Wheels of said vehicle relative to a predetermined 
reference direction on said 2-D plane; 

(D) a means for calculating a correction to said measured 
steering angle on said 2-D plane; and 

(E) a means for performing a steering action by using said 
correction to said measured steering angle on said 2-D 
plane in order to move said vehicle along said prede 
termined 2-D path on said 2-D plane. 

38. The apparatus of claim 37, Wherein said (A) means for 
obtaining said set of positioning data of said vehicle further 
includes: 

(A1) a navigation system selected from the group con 
sisting of: {GPS; GLONASS; combined GPS/GLO 
NASS; GALILEO; pseudolite-based navigation sys 
tem; and inertial navigation system (INS)}; and 

(A2) a navigation antenna mounted on said vehicle at an 
optimum antenna position. 

39. The apparatus of claim 38, Wherein said navigation 
antenna is assumed to be mounted at a nominal navigation 
antenna position a predetermined reference point, and 
Wherein said means (B) for modifying said set of positioning 
data of said vehicle further includes: 

(B1) a means for specifying a distance betWeen said 
nominal navigation antenna position and said optimum 
navigation antenna position. 

40. The apparatus of claim 37, Wherein said means (C) for 
measuring said steering angle of the front Wheels of said 
vehicle relative to said predetermined reference direction on 
said 2-D plane further includes: 

(C1) an angular sensor con?gured to measure said steer 
ing angle of the front Wheels of said vehicle relative to 
said predetermined reference direction on said 2-D 
plane. 

41. The apparatus of claim 37, Wherein said means (C) for 
measuring said steering angle of the front Wheels of said 
vehicle relative to said predetermined reference direction on 
said 2-D plane further includes: 
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(C1) a rotary potentiometer con?gured to measure said 
steering angle of the front Wheels of said vehicle 
relative to said predetermined reference direction on 
said 2-D plane. 

42. The apparatus of claim 37, Wherein said means (D) for 
calculating said correction to said measured steering angle 
on said 2-D plane further includes: 

(D1) a steering control algorithm con?gured to use a set 
of control data to calculate said correction to said 
measured steering angle on said 2-D plane; Wherein 
said set of control data is selected from the group 
consisting of: {said set of modi?ed positioning data of 
said vehicle; said measured steering angle on said 2-D 
plane; and a set of data de?ning said predetermined 2-D 
path on said 2-D plane}. 

43. The apparatus of claim 37, Wherein said means for 
performing said steering action by using said correction to 
said measured steering angle on said 2-D plane further 
includes: 

(E1) a 2-D hydraulic system con?gured to realiZe said 
correction to said measured steering angle on said 2-D 
plane. 

44. The apparatus of claim 37, Wherein said means for 
performing said steering action by using said correction to 
said measured steering angle on said 2-D plane further 
includes: 

(E2) a 2-D “?ight by Wire” system con?gured to realiZe 
said correction to said measured steering angle on said 
2-D plane. 

45. An apparatus for steering a vehicle along a predeter 
mined 3-D path on a 3-D surface comprising: 

(A) a means for obtaining a set of positioning data of said 
vehicle; (B) a means for modifying said set of posi 
tioning data of said vehicle; 

(C) a 3-D means for measuring a set of steering angles of 
the front Wheels of said vehicle relative to a predeter 
mined reference direction on said 3-D surface; 

(D) a means for calculating a set of corrections to said set 
of measured steering angles on said 3-D surface; and 

(E) a means for performing a steering action by using said 
set of corrections to said set of measured steering 
angles on said 3-D surface in order to move said vehicle 
along said predetermined 3-D path on said 3-D surface. 

46. The apparatus of claim 45 , Wherein said (A) means for 
obtaining said set of positioning data of said vehicle further 
includes: 

(A1) a navigation system selected from the group con 
sisting of: {GPS; GLONASS; combined GPS/GLO 
NASS; GALILEO; pseudolite-based navigation sys 
tem; and inertial navigation system (INS)}; and 

(A2) a navigation antenna mounted on said vehicle at an 
optimum antenna position. 
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47. The apparatus of claim 46, Wherein said navigation 
antenna is assumed to be mounted at a nominal navigation 
antenna position a predetermined reference point, and 
Wherein said means (B) for modifying said set of positioning 
data of said vehicle further includes: 

(B1) a means for specifying a distance betWeen said 
nominal navigation antenna position and said optimum 
navigation antenna position. 

48. The apparatus of claim 45, Wherein said 3-D means 
(C) for measuring said set of steering angles of the front 
Wheels of said vehicle relative to said predetermined refer 
ence direction on said 3-D surface further includes: 

(C1) an angular sensor con?gured to measure said set of 
steering angles of the front Wheels of said vehicle 
relative to said predetermined reference direction on 
said 3-D surface. 

49. The apparatus of claim 45, Wherein said 3-D means 
(C) for measuring said set of steering angles of the front 
Wheels of said vehicle relative to said predetermined refer 
ence direction on said 3-D surface further includes: 

(C1) a rotary potentiometer con?gured to measure said set 
of steering angles of the front Wheels of said vehicle 
relative to said predetermined reference direction on 
said 3-D surface. 

50. The apparatus of claim 45 , Wherein said means (D) for 
calculating said set of corrections to said set of measured 
steering angles on said 3-D surface further includes: 

(D1) a steering control algorithm con?gured to use a set 
of control data to calculate said set of corrections to 
said set of measured steering angles on said 3-D 
surface; Wherein said set of control data is selected 
from the group consisting of: {said set of modi?ed 
positioning data of said vehicle; said measured steering 
angle on said 3-D surface; and a set of data de?ning 
said predetermined 2-D path on said 3-D surface}. 

51. The apparatus of claim 45 , Wherein said means for 
performing said steering action by using said set of correc 
tions to said set of measured steering angles on said 3-D 
surface further includes: 

(E1) a 3-D hydraulic system con?gured to realiZe said set 
of corrections to said set of measured steering angles on 
said 3-D surface. 

52. The apparatus of claim 45 , Wherein said means for 
performing said steering action by using said set of correc 
tions to said set of measured steering angles on said 3-D 
surface further includes: 

(E2) a 3-D “?ight by Wire” system con?gured to realiZe 
said set of corrections to said set of measured steering 
angles on said 3-D surface. 


